Fifteen highway construction sites were monitored by the California Department of Transportation (Caltrans) to help assess the water quality of stormwater runoff exiting from the sites. This study was conducted by Caltrans to generate sufficient water quality data to further develop management strategies and evaluate existing best management practices (BMPs). A wide range of construction sites were selected for monitoring throughout the State. Both flow-paced composite and single grab samples were collected and analyzed at these sites for a total of 72 station-storm events during the 1998/99 and 1999/00 wet seasons. Results obtained during the two-year characterization study indicate that:
• The concentrations of TSS and turbidity are likely due to the disturbed soils present at most construction sites.
• The origin of the high concentrations of total chromium, total nickel, and total phosphorus concentrations is unknown. Concentrations of these constituents varied between sites so it is
INTRODUCTION
Construction is performed yearly at hundreds of Caltrans' highway and freeway sites. Because construction site activities differ significantly from typical highway/freeway activities, the storm water runoff water quality characteristics are expected to differ as well.
A two-year (1998-99 and 1999-00) monitoring study was performed to evaluate the quality of storm water runoff from a variety of Caltrans' highway construction projects. The characterization data is being used to estimate constituent loadings to receiving waters, and to help establish a baseline for construction site water quality and mass loading data. Data obtained was also compared to highway runoff data and general urban runoff data.
Stringent criteria were used to select these highway construction sites to ensure that a wide range of Caltrans' construction activities were represented. During the 1998-99 wet season nine sites were monitored. Six sites were monitoring during the 1999-00 wet season. A total of 72 station-storm events were monitored for the two-year period. Figure 1 presents the locations of the 15 construction sites and Table 1 summarizes the physical characteristics of these sites. The main focus of this paper is to present the storm water runoff characteristics that were obtained from the California highway construction sites during the 1998-99 and 1999-00 wet seasons.
METHODOLOGY Site Selection Process
The following criteria were used to select the 15 construction sites that were monitored during the 1998-99 and 1999-00 wet seasons:
• The sites should represent a wide range of typical Caltrans construction projects (see Table 1 for the types of construction projects monitored);
• The sites should represent a wide range of geographic areas (see Figure 1 );
• The sites should represent a wide range of hydrometeorologic conditions;
• The sites should have active construction planned for the entire monitoring period;
• Storm water from a significant portion of the construction site should flow to one centralized collection point; • There should be no possibility of co-mingling construction site runoff with runoff from offsite or nonconstruction areas;
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• The collection points should be located downstream of any BMPs commonly used at the sites. Figure 2 presents photographs of a typical highway construction site and a typical sample location point.
Storm Event Monitoring
All storm events were monitored in accordance to the Caltrans "Guidance Manual: Storm Water
Monitoring Protocols," (1) . Depending on the site location, two to seven storm events were monitored during the 1998-99 and 1999-00 wet seasons.
The minimum criteria used to consider each storm event as a representative event were as follows :
• Depth of storm rainfall must be greater than 0.25 inch accumulation
• At least 24 hours must have elapsed since the last storm Grab samples were collected when the flow rate was typical of full site flow (when the entire drainage area is contributing flow). Grab samples were not intended to represent first-flush conditions or peak flow conditions.
Constituents and Analytical Methods
The constituents, the analytical methods and reporting limits used for this study are presented in Table 2 .
As shown, the analyzed constituents were organized in six major groups: (i) metals (total and dissolved),
(ii) nutrients, (iii) conventional, (iv) oil & grease, (v) biological, and (vi) pesticides. All laboratory analyses were conducted in accordance to Standard Methods and the USEPA analytical methods.
Standard lab QA/QC procedures were performed in accordance with the sampling and analysis plan (2, 3) . Analytical results were qualified as necessary based on the results of the QA/QC evaluations.
RESULTS AND DISCUSSION
Results of the California highway construction site stormwater runoff characterization study conducted during the 1998-99 and 1999-00 monitoring seasons are summarized in Table 3 . As shown, a simple statistical analysis was used to determine the range of values, mean, and coefficient of variance (CV). In addition to the data presented in Table 3 , herbicides, pesticides (other than diazinon and chloropyrifos), and semi-volatile organic compounds were analyzed during the 1998/1999 monitoring a These constituents were analyzed for the first monitoring season and over 90% of the results were below the reporting limits. These analyses were discontinued for the second monitoring season.
season and more than 90% of the samples collected were reported as non-detect. To provide a better perspective of this raw data set, an evaluation was performed as follows:
• Comparing the highway construction site runoff data with historical highway runoff characteristics in California and other states in the nation as well as National Urban Runoff Program (NURP) data.
• Determining the influence of BMPs applied at these construction sites.
• Correlating total suspended solids (TSS) concentrations to other pollutant concentrations.
For the purpose of comparison, constituent concentrations detected from Caltrans highways during the 1997/1998 and 1998/1999 wet seasons are provided in Table 3 . In addition, Figure 3 presents a bar graph comparison of the construction site data to data available from other highway or urban runoff characterization studies (4, 5, 6, 7, 8) . As shown in Table 3 and Figure 3 , Caltrans' construction site runoff constituent concentrations are generally less than Caltrans' and Non-Caltrans' highway runoff constituent concentrations with the exception of total chromium, total nickel, total phosphorus, TSS, and turbidity. The generally higher highway runoff constituent concentrations are assumed to be due to typical highway activities (average daily traffic > 60,000) that are more likely to contribute pollutants than construction activities. Likewise, the higher concentrations of TSS and turbidity are likely due to the disturbed soils present at construction sites. The origin of the total chromium, total nickel, and total phosphorus concentrations is unknown. Concentrations of these constituents varied between sites so it is possible that site-specific soils and vegetative conditions may have contributed to the higher concentrations of these naturally occurring constituents.
Types of best management practices (BMPs) used at each of the construction sites monitored during this study are presented in Table 1 . Photos of the typical types of BMPs used at the construction sites are presented in Figure 4 . The main purpose of these BMPs is to minimize the amount of sediment being discharged from the sites. As expected, the TSS concentrations detected in the construction site runoff indicate that the BMPs did not contain all of the sediment. However, the importance of these BMPs 
FIGURE 4 Typical BMPs Used at Construction Sites to Contain Sediments
Because higher TSS runoff concentrations were expected and observed in the storm water runoff from construction sites, a potential relationship between TSS and constituents reported in the 1998 -2000 data set was evaluated. Because no linear correlation between TSS concentrations and total concentrations were observed, a relationship between TSS and particulate concentrations was assessed.
Particulate values were obtained by subtracting the dissolved concentrations from the total concentrations. Although better correlations were found, no strong correlations were evident for most constituents. However, R 2 values greater than 0.5 (see Figure 5 ) were observed between TSS and particulate concentrations of copper, chromium, and zinc. This correlation indicates that minimizing particulate matter in stormwater runoff may reduce total metals concentrations; further indication that effective BMP implementation and sediment removal is essential for reducing pollutant loads discharged in runoff from construction sites. 
CONCLUSIONS
The following conclusions are based on the two years of construction site runoff water quality monitoring data discussed above:
• Caltrans' construction site runoff constituent concentrations detected during this study are less than typical Caltrans' and Non-Caltrans' highway runoff constituent concentrations with the exception of total chromium, total nickel, total phosphorus, TSS, and turbidity.
• The higher concentrations of TSS and turbidity are likely due to the disturbed soils that construction site runoff is exposed to before exiting the site.
• The origin of the total chromium, total nickel, and total phosphorus concentrations is unknown. Concentrations of these constituents varied between sites so it is possible that site-specific soils and vegetative conditions may have contributed to the constituent concentrations.
• A correlation (R 2 values greater than 0.5) was observed between TSS runoff concentrations and particulate runoff concentrations of chromium, copper, and zinc, indicating that minimizing particulate matter may reduce total metals concentrations.
• The correlation between TSS concentrations and constituent concentrations may be useful when further developing best management practices.
